Some chemical characters and the biological activities of gibberellins obtained from embryo and endosperm in seed, and from cotyledon and hypocotyl in seedling in the dwarf variety, Kidachi, the tall variety, Tendan, and their F1-hybrids of reciprocal crosses in Pharbitis nil Chois. were examined using the paper-chromatography. There was little difference in the pattern of gibberellin activity found in the acid fractions among all the strains, and the activity in all the tissues except cotyledon is probably due to free gibberellins A3, A5 and A25. On the other hand, very clear difference in the gibberellin activity between Kidachi and Tendan was found in the water-soluble fractions from the endosperm in seed and the seedling tissues, indicating that Tendan contains much more bound gibberellins of GA3-glucoside and related substances than Kidachi. Each of the hybrids gives similar pattern in chromatographic behaviour to its respective maternal veriety in regard to the bound gibberellins contained in the endosperm and the seedling tissues, suggesting the possibility for maternal inheritance of the characters concerned with GA3-glucoside and other bound gibberellins in plant tissue. The activities in the two types of gibberellins contained in the hypocotyl of the hybrids were found to be less than those in Tendan irrespective of hybrid vigour in hypocotyl elongation.
Introduction
Radley reported that there was no difference in the amount of gibberellins obtained from the shoot of normal and dwarf pea (8). On the other hand, Phinney found gibberellins in abundance in the shoot of normal corn and in reduced amount in dwarf one (7). Ogawa reported that the amount of gibberellins in the seed of the dwarf Pharbitis, Kidachi, was much less than that in the seed of the tall variety, Tendan (4). The similar results were also obtaind in the seedling of the same varieties (2, 4). The present paper will report some chemical characters and the biological activities of gibberellins obtained from the various tissues in seed and in seedling of both the dwarf and tall variety, and their F1-hybrids in Pharbitis nil Chois.
Materials and Methods
Two parent varieties of Pharbitis nil Chois., dwarf variety, Kidachi, and the tall one, Tendan, were used. The seed of reciprocal hybrids were obtained by crossing of these varieties.
From eight seeds harvested on the 15 th day after anthesis, the embryo was separated from the "endosperm" which is consisted of endosperm and testa. They were separately used for the extraction.
On the other hand, the matured seeds of all the strains were sown in woody box filled with sea sand and placed in the darkness at 25°C. From 15 seedlings of 7 days old, the cotyledon was separated from the hypocotyl, they being used separately for the extraction.
The extraction procedures were performed by the same methods as the previous paper (5). The Abbreviations, GA3 : Gibberellin A3, GA5 : Gibberellin A5i GA8 : Gibberellin A8, GA20 : Gibberellin A20i GA3-gl.:
GA3-Glucoside JOURNAL OF THE JAPANESE SOCIETY FOR HORTICULTURAL SCIENCE materials were ground in a mortar and extracted three times with 80% ethanol. The combined ethanol extracts were evaporated, dissolved in water and adjusted to pH 2.5 with 0.5 N HC1. The aqueous phase was extracted six times with the same volume of ethyl acetate. The ethyl acetate layer was extracted five times with phosphate buffer solution of pH 8. The buffer solution was adjusted to pH 2.5 with 0.1 N HCl and extracted five times with ethyl acetate.
The ethyl acetate layer was washed with distilled water, dried over anhydrous sodium sulfate and designated as acid fraction. The first remaining aqueous phase was mixed with ca. 0.5 g charcoal and filtered.
The adsorbing procedure was repeated three times. The combined charcoal was eluted three times with 80/ acetone and the eluate was designated as water-soluble fraction. Both of the fractions were concentrated to a small volume, streaked on Toyo No 51 filter paper, and developed by ascending chromatography using the solvent system containing iso-propanol, 7N ammonium hydroxide and water (8 :
The dried chromatogram was cut into 15 sections and eluted with 1.5 ml of distilled water in a glass tube.
The gibberellin activity in the eluate was examined by means of the rice seedling test with var. Kotake-tamanishiki (3). The significant activity at 1% level of t-test was indicated by the striped histogram.
The position of authentic gibberellins on the chromatogram were examined by means of the same bioassay.
Results
A. Immature seed 1. Growth of seed
The fresh weights of embryo and endosperm in developing seed of both the parent varieties and the reciprocal hybrids are shown in Fig.  1 . The weight of whole seed in Kidachi was observed to be slightly larger than in Tendan. Each of the reciprocal hybrids gave similar size in seed to its reciprocal maternal variety. 2. Gibberellins in seed a. Embryo
The chromatograms of acid fractions obtained from embryo are shown in Fig. 2 . Gibberellin activities of both the parent varieties and their hybrids were found in the zones at Rf 0.60'0.73 which corresponded to GA3, GA5 and GAZO. There was little difference in the degree of activity among all the strains. The chromatograms of water-soluble fractions obtained from embryo are shown in Fig. 3 . Weaker activity was found in the zones at Rf 0.33^•0.47, which was much lower than active zones in the acid fraction, but which was similar to the zones of GA3-glucoside. Little difference, nevrtheless, was observed in the degree of activity among all the strains. b. Endosperm
The chromatograms of acid fractions obtained from endosperm are shown in Fig. 4 . Strong activities were found in the same zones at Rf 0.530.67 through all the strains as found in the acid fractions from embryo, although the activity of Kidachi was somewhat weaker than in any other strains.
The chromatograms of water-soluble fractions obtained from endosperm are shown in Fig. 5 . A weak activity of Kidachi was found in the zones at Rf 0.400.47, it being probably due to GA3-glucoside. On the other hand, strong activities of Tendan were found in two zones at Rfs 0.070. 20 and 0.330.53, in the latter of which prominent activity was found. Each of reciprocal hybrids gave similar pattern of chromatographic behaviour to its respective maternal variety.
However, the degree of activity was found to be much higher in the hybrid, K X T, and much lower in the hybrid, T X K, as compared with its respective maternal variety. B. Developing seedling 1. Growth of seedling The cotyledon and hypocotyl of seedling in both the parent varieties and the reciprocal hybrids were separately weighed. The length of hypocotyl was also measured.
These data are presented in Fig. 6 No any activity was found in the higher zones in which strong activity was found in the extracts from seeds. There was also little difference in the pattern of activity among any strains. The chromatograms of water-soluble fractions obtained from cotyledon are shown in Fig. 8 . A weak activity of Kidachi was found in only one zone at Rf 0.27--0.33.
On the other hand, some strong activities of Tendan were found in two zones at Rfs 00. 13 and 0.27 -0.47.
In each of the hybrids active zones were found at the same Rf values as those in its respective maternal variety. b. Hypocotyl
The chromatograms of acid fractions obtained from hypocotyl are shown in Fig. 9 . Activities of all the strains were found in the zones at Rf 0.53-0.67, which was different entirely from the Rf values of active zones of the same fractions from cotyledon, but which was the same as of the fraction from both the endosperm and embryo.
The chromatograms of water-soluble fractions obtained from hypocotyl are shown in Fig. 10 . Any significant activity of Kidachi was not detected.
On the other hand, some strong activitiex of Tendan were found in two zones at the same Rf values as in the acid fraction from cotyledon. The activity of the hybrid, K X T, was not detected just as in its maternal variety, Kidachi, whereas the activity of the hybrid, T X K, was found in two zones at Rf values similar to its maternal variety, Tendan, although the degree of activity in the hybrid was much lower as compared with Tendan.
Discussion
In immature Pharbitis seed, occurrences of GA3, GAS, GAB, GA20, GA26i GA27 and GA29, and their glucosides except GA5 have been reported (1, 9,10,11) . From the comparison of their Rf values and biological activities, it is assumed that gibberellin activities found in the acid fractions from tissues except cotyledon are due mainly to GA3i GA5 and GA20 and rarely to the others. Activities of the watersoluble fraction appear to be largely due to GA3-glucoside and in lesser extent to its related substances (6,12) . In the present experiments, it has become clear that the difference in gibberellin activity of the extract from seed between Kidachi and Tendan is due to the difference of the water-soluble gibberellins from endosperm, indicating that the endosperm of Tendan contains much more bound gibberellins such as GA3-glucoside than of Kidachi. Each of the reciprocal hybrids gives similar pattern in the activity of bound gibberellins to its respective maternal variety, implying that the content of bound gibberellins in the hybrids is subjected to maternal effect (Fig. 5) . This phenomena may be understood by taking the consideration that the difference in the content of bound gibberellins is caused through the difference of gene combination in the endosperm cells of each hybrid. Similar degree in activity between free gibberellins and bound ones is found in both embryo and endosperm of Kidachi.
On the contrary, the activity of bound gibberellins is found to be much stronger than free ones in the endosperm of Tendan (Comp. Fig. 4 with Fig. 5 ). The evidence may be an indication that the degree of interconversion from free gibberellins to bound ones in seed tissues differs each other between Kidachi and Tendan.
The seedlings of both of the reciprocal hybrids possess longer hypocotyl than the tall parent variety, Tendan, suggesting the existence of hybrid vigour in hypocotyl elongation (Fig. 6) . However, the activities in both of the types of gibberellins obtained from the hypocotyl of the hybrids are much weaker than those of Tendan irrespective of vigorous elongation of hypocotyl in both of the hybrids.
Therefore, it would seem that the endogenous gibberellins are not the only factors involved directly in the promotion of hypocotyl elongation in the hybrids.
Comparing the free gibberellins in the seed with those in the seedling tissues in their chr omatographic behaviour, the gibberellins in the cotyledon are assumed to be different from gibberellins in the seed (Comp. Fig. 7 with Figs. 2 and 4) , although the latters seem to be similar to gibberellins in the hypocotyl (Comp. Fig. 9 with Figs. 2 and 4) . It would appear that free gibberellins in immature seed are converted into more polarized gibberellins of the cotyledon during seed maturation, and besides that there are different free gibberellins between cotyledon and hypocotyl in the same individual.
It has also been proved that the difference of gibberellin activity in seedling tissues between Kidachi and Tendan is due to the difference of bound gibberellins in both the cotyledon and hypocotyl, as in the case of the endosperm. Each of the hybrids in seedling gives also similar pattern of activity in the bound gibberellins from cotyledon and hypocotyl to its respective maternal variety (Figs 8  and 10 ). This evidence may be suggestive of the possibility that the metabolisms concerned with bound gibberellins in seedling tissue is affected by some hereditary factors existing in cyoplasm. This problem is worthy of further investigation using new parent varieties exchanged each other for the cell neucleus between Kidachi and Tendan. 
